The functions of two Schizosaccharomyces pombe Vps9-like genes, SPBC4F6.10/vps901 þ and SPBC29A10.11c/ vps902 þ , were characterized. Genomic sequence analysis predicted that Vps901p contains a VPS9 domain, whereas cDNA analyses revealed that Vps901p contains a CUE domain (coupling of ubiquitin to ER degradation) in its C-terminal region. Deletion of vps901 þ resulted in mis-sorting and secretion of S. pombe vacuolar carboxypeptidase Cpy1p, whereas deletion of vps902 þ had no effect, suggesting that only Vps901p functions in vacuolar protein transport in S. pombe. Deletion of vps901 þ further produced pleiotropic phenotypes, including vacuolar homotypic fusion and endocytosis defects. Heterologous expression of the budding yeast VPS9 gene corrected the CPY mis-sorting defect in vps901Á cells. These findings suggest that the VPS9 domain of Vps901p is required for vacuolar protein trafficking in S. pombe.
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The secretory pathway mediates the proper delivery and sorting of proteins to a variety of subcellular compartments. The vacuole of the budding yeast Saccharomyces cerevisiae is functionally equivalent to the mammalian lysosome, both being acidic compartments involved primarily in the degradation of macromolecules. 1, 2) The delivery of proteins to the vacuolar compartment is mediated by the secretory pathway, and is a well-characterized example of an intracellular protein-sorting process in S. cerevisiae. An extensive analysis of vacuolar protein localization in S. cerevisiae was undertaken in an attempt to develop a better understanding of the trans-acting machinery responsible for mediating protein delivery to the vacuole. Genetic selection in S. cerevisiae has resulted in the isolation of a large number of mutants that are defective in vacuolar protein sorting. [3] [4] [5] These vacuolar protein sorting (vps) mutants mis-sort and secrete the precursors of soluble vacuolar hydrolases such as carboxypeptidase Y (CPY) and proteinase A (PrA).
The members of the Sec4/Ypt/Rab family of small GTP-binding proteins are an integral part of this conserved machinery and are thought to participate in the targeting and/or fusion of transport vesicles with the appropriate target membrane. 6, 7) The localization and cycling of Rab GTPases between active (GTP-bound) and inactive (GDP-bound) conformations depend on accessory factors that modulate membrane association, nucleotide binding, and GTP hydrolysis. Upon targeting to donor membranes, Rab GTPases are activated by guanine nucleotide exchange factors (GEFs), and subsequently interact with diverse effectors.
Activation of GTPase Rab5 is also a critical step in the transport of receptors to the lysosome/yeast vacuole. Rabex-5 is a GEF for Rab5 that forms a complex with Rabaptin-5. 8) In S. cerevisiae, Vps9p is the exchange factor for Rab5 ortholog Vps21p.
9) It has a VPS9 (GEF) domain. VPS9 domain-containing proteins, other examples of which include Rabex-5 and RIN, are conserved from yeast to humans. 10) S. cerevisiae vps9Á cells show a severe CPY transport defect, enlarged vacuolar morphology, and temperature sensitivity.
11) It has been reported that the budding yeast Vps9p also contains a CUE domain (coupling of ubiquitin to ER degradation), which was originally identified as a ubiquitin-binding motif in a yeast two-hybrid screen, and is broadly distributed from yeast to humans.
12) The Vps9p CUE domain is required to promote the monoubiquitylation of Vps9p by the Rsp5 HECT domain ubiquitin ligase. [13] [14] [15] Thus Vps9p is an important factor in vacuolar protein transport and normal vacuolar morphology.
We have analyzed the complete genome sequence of S. pombe to identify the homologs of Vps and Vps-related genes of S. cerevisiae. We found through a BLAST search of protein databases that S. pombe contains many genes that are homologous to the Vps proteins of S. cerevisiae. 16) S. pombe has two Vps9 domain-containing genes, SPBC4F6.10 and SPBC29A10.11c, but it is not known whether these genes are required for the vacuolar protein transport pathway in fission yeast. In the present study, we characterized these proteins and found that one of the y To whom correspondence should be addressed. Tel/Fax: +81-92-642-2849; E-mail: takegawa@agr.kyushu-u.ac.jp VPS9 homolog genes (named vps901 þ ) is required for vacuolar protein transport and vacuolar fusion in S. pombe cells.
Materials and Methods
Strains, media, and genetic methods. Wild-type (WT) S. pombe strains ARC001 (h-leu1), ARC039 (h-leu1 ura4), and KJ100-7B (h 90 leu1 ura4) were purchased from Asahi Glass, Yokohama, Japan and Dr. Koichi Tanaka (Tokyo Univ.). Mutants cpy1Á (h þ leu1-32 his2 ura4-D18 ade6-M216 cpy1::ura4 þ ) and vps34/pik3Á (h þ leu1-32 ura4-D18 ade6-M216 vps34::ura4 þ ) were constructed as described previously. 17, 18) Standard rich medium (YES) and synthetic minimal medium (MM) for growing S. pombe were used as described previously. 19) FM4-64 was purchased from Molecular Probes (Eugene, OR) and Sigma Chemical. (St. Louis). S. pombe cells were transformed by the lithium acetate method or by electroporation, as described previously. 20) Standard genetic methods were described previously. 21) Cloning and disruption of S. pombe vps901 þ and vps902 þ . þ promoter region and ORF were amplified by PCR using sense primer 5 0 -GTTTTCTGCAGAATCTGGAACAGCGTGAT-3 0 , containing a PstI restriction site and anti-sense primer 5 0 -GTTTTGCGGCCGCTTAA-CTCATCTCCAAAAG-3 0 , containing a NotI restriction site. The PCR fragment was digested with PstI and NotI and cloned into PstI-and NotI-digested pAL.
ScVps9-Rep41 was constructed as follows: the VPS9 ORF was amplified by PCR using sense primer 5 0 -GTTTTGTCGACTGAT-GATGAAAAGAGGGAG-3 0 containing a SalI restriction site, and anti-sense primer 5 0 -GTTTTGGATCCTTATTCTGACAGAGAAAG-3 0 containing a BamHI restriction site. The PCR fragment was digested with SalI and BamHI and cloned into SalI-and BamHI-digested pRep41. Vps901 (D296A)-pAL was constructed as follows: Vps901-pAL was amplified by inverse PCR using phosphorylated sense primer 5 0 -GCTATGTTTGTTCCCATTTTGATTTTTGTA-3 0 , and anti-sense primer 5
0 -CGCTGACTCCTCTTTAACAACGTTTCTTAG-3 0 . The PCR fragment was fused.
Vps901-pTN197 and Vps901 -CUE -pTN197 were constructed as follows: vps901 þ ORF or this minus the CUE domain was amplified by PCR using sense primer (Vps901 and Vps901
0 containing a SalI restriction site, and anti-sense primer (Vps901) 5
0 containing a NotI restriction site. The PCR fragment was digested with SalI and NotI and cloned into SalI-and NotI-digested pTN197 derived from pRep41, 22) a thiamine-repressible expression vector.
Fluorescence microscopy. The vacuoles of WT and the mutant fission yeast cells were labeled with FM4-64. 23) The cells were then observed using an Olympus BX-60 fluorescence microscope (Olympus, Tokyo) in conjunction with a U-MGFPHQ filter (for GFP) or a U-MWIG filter (for FM4-64). Images were captured using a Sensy Cooled CCD camera with MetaMorph software (Roper Scientific, San Diego, CA), and were saved as Adobe Photoshop files on a Macintosh G4 computer.
Pulse-chase and Western blot analyses of S. pombe CPY. Pulsechase analysis and immunoprecipitation of vacuolar carboxypeptidase Y from S. pombe (SpCPY) were carried out as described previously. 17) Antibody incubation was carried out using a rabbit polyclonal antibody against SpCPY. 17) A CPY colony blot assay was performed by spotting cells onto a nitrocellulose filter and allowing them to grow for 3-d at 30 C, as reported previously. 23, 24) Western blot analysis of S. pombe Vps10-GFP was performed as described previously. A, Domain structures of S. pombe Vps901p (SPBC4F6.10), S. pombe Vps902p (SPBC29A10.11c), and S. cerevisiae Vps9p. Gray and black boxes indicate Vps9 and CUE domains respectively. B, Sequence alignment of the VPS9 domains of S. pombe Vps901p, S. pombe Vps902p, S. cerevisiae Vps9p, human Rabex-5, and human Rin1.
Ã Conserved amino acid (D296 in Vps901. C, Sequence alignment of the CUE domains of S. pombe Vps901p, S. cerevisiae Vps9p, and putative Vps9p proteins from Candida glabrata, Kluyveromyces lactis, and Aspergillus oryzae. Bar, MFP sequence. 15) and Rab5, respectively, and were found to share a region of homology now known as the VPS9 domain (Fig. 1A) .
10) VPS9 domain-containing proteins are widely conserved from yeast to humans.
10) The VPS9 domains of various proteins such as S. cerevisiae Vps9p, H. sapiens Rabex-5, and Rin1 were compared (Fig. 1B) . To identify the determinants of Rabex-5 GEF activity, conserved VPS9 domain residues were replaced with alanine. 26) Mutation of Asp313 (Fig. 1B , astarisk) in Rabex-5 severely impairs catalytic efficiency. 26) This Asp residue is also conserved in Vps901p and Vps902p, suggesting that these proteins are GEF proteins. 27) Vps901p contained the CUE domain in its C-terminus In 2002, vps901 þ was initially identified as SPBC4F6.10 in the Sanger Centre Fission Yeast GeneDB. 28) SPBC4F6.10 was predicted to encode a 537-amino acid VPS9 domain-containing protein. To confirm the structure of the vps901 þ gene, we isolated several independent clones and sequenced them. An analyses of overlapping cDNA clones revealed that vps901 þ encoded a 572-amino acid protein with, in addition to the VPS9 domain, a CUE domain in its C-terminal region (GenBank Accession no. DQ665299). The initial record for SPBC4F6 appeared to lack a C residue between positions 24,208 and 24,209, which led to a frame-shift in the C-terminal region of Vps901. The CUE domains of Vps9 homologs from fungi including Candida glabrata, Kluyveromyces lactis, and Aspergillus oryzae were compared (Fig. 1C) . In S. cerevisiae, the highly conserved signature sequence 419M-F-P421 in Vps9p is essential to its ability to bind ubiquitin in vitro.
15) The MFP sequence was also conserved in S. pombe Vps901p and Vps9 homologs from other fungal species (Fig. 1C) .
Fission yeast vps901
þ is required for vacuolar protein transport
To examine the functions of S. pombe Vps901p and Vps902p, we constructed deletion mutant strains vps901Á and vps902Á. In S. cerevisiae, Vps9p is required for the transport of vacuolar proteins such as carboxypeptidase Y (CPY), proteinase A (PrA), alkaline phosphatase (ALP), and carboxypeptidase S (CPS).
11)
Hence we examined vacuolar protein transport in vps901Á and vps902Á cells. We have reported the isolation and characterization of S. pombe carboxypeptidase Y (SpCPY), a vacuolar marker protein. 17) To confirm the mis-sorting of SpCPY to the cell surface in vps901Á and vps902Á cells, we employed a CPY colony blot assay that tests cells directly for secretion of SpCPY. In the WT cells, SpCPY was efficiently sorted to the vacuoles and hence not secreted. In contrast, vps901Á cells, but not vps902Á cells, showed strong secretion of SpCPY ( Fig. 2A) . During synthesis, SpCPY undergoes characteristic modifications and apparent changes in molecular mass. After a 15-min pulse period, the ER-and Golgi-specific precursor form proCPY and small amounts of the vacuole-specific mature form mCPY were labeled in the WT cells. After a 30-min chase, all the SpCPY had been transported to the vacuoles and had matured (Fig. 2B) . The vps901Á cells showed a sorting defect for SpCPY. After a 30-min chase, a strong proCPY signal was detected in the vps901Á cells but not in the vps902Á cells (Fig. 2B, and data not shown) . These results indicate that Vps901p is required for the delivery of SpCPY to the vacuoles in S. pombe.
To determine whether Vps901p is involved in transport from the Golgi to the endosomes or from the endosomes to the Golgi, we used fusion protein Vps10-GFP. In 2006, Vps10-GFP was constructed previously and is found in the Golgi in WT cells and in vacuolar membrane in cells lacking retromer complex proteins, Vps5p, Vps17p, Vps26p, Vps29p, and Vps35p. 25) Degraded Vps10-GFP has been detected in these vps mutants. 25) The Vps10-GFP fusion protein was transfected into WT, vps901Á and vps5Á cells. In the vps5Á cells, degraded Vps10-GFP was detected. 25) In contrast, degraded Vps10-GFP was not detected in the vps901Á or WT cells by Western blotting (Fig. 2C) . Hence we assessed the localization of the mutant fusion protein Vps10-GFP (F 1425 , 1426 A). Vps10-GFP (F 1425 , 1426 A) was mislocalized to the vacuolar membrane in the WT cells due to a retrieval defect (Fig. 2D) . 25) In contrast, Vps10-GFP (F 1425 , 1426 A) was not transported to the vacuolar membrane in the vps901Á cells, but was instead localized to dot structures (Fig. 2D) . These results indicate that Vps901p is required for anterograde transport of Vps10p from the Golgi to the endosomes. 25) Next we investigated the transport of another vacuolar marker protein, S. pombe CPS, in vps901Á cells. We used ubiquitin-conjugated fusion protein Ub-GFPSpCPS, constructed previously, which is delivered from the Golgi apparatus to the vacuole lumen via an MVB sorting pathway in WT S. pombe cells. 29) WT cells expressing Ub-GFP-SpCPS exhibited a vacuolar pattern of fluorescence corresponding to the staining pattern of FM4-64 (Fig. 3) . 29) In the vps901Á cells, Ub-GFPSpCPS was not transported to the vacuolar lumen, the signals instead being detected in punctate structures (Fig. 3) . This indicates that Vps901p is essential for the transport of Ub-GFP-SpCPS in S. pombe.
Fission yeast Vps901p was required for vacuolar fusion in vivo
S. cerevisiae Vps9p is required for normal vacuolar morphology. vps9Á cells contain enlarged vacuoles (class D). 30) Hence we assessed vacuolar morphology in vps901Á cells to determine whether Vps901p is involved in the regulation of vacuolar morphology. We used FM4-64 to observe vacuoles. WT vps901Á cells were grown in YES liquid medium, stained with FM4-64, and transferred to water for observation of vacuolar morphology. WT cells contained a large number of small vacuoles under normal conditions (Fig. 4) . When the cells were transferred to water, a smaller number of much larger vacuoles was observed as a result of vacuolar fusion.
31) The vps901Á cells also contained normal vacuoles in the YES liquid medium, but they exhibited no obvious change in vacuolar morphology when transferred to water (Fig. 4) . This suggests that Vps901p is required for vacuolar fusion in vivo.
Vps901p was required for endocytosis but not for transport from the endosomes to the Golgi S. cerevisiae Vps9p is required for endocytosis.
13)
Hence we investigated to determine whether Vps901p is required for endocytosis in S. pombe. To examine the kinetics of the transport of FM4-64 to the vacuoles, WT and vps901Á cells were labeled through incubation with FM4-64 for 30 min on ice, and then chased at 30 C. FM4-64 initially stains the plasma membrane, and is then internalized and delivered to the vacuolar membrane in a time-, energy-, and temperature-dependent manner. 32 ) After a 20-min chase, some FM4-64 was transported to the vacuolar membrane in the WT cells (Fig. 5A) . In contrast, FM4-64 predominantly labeled prevacuolar compartments after a 20-min chase in the vps901Á cells, suggesting that FM4-64 was internalized slowly in those cells (Fig. 5A) .
To determine whether vps901Á cells are also defective in fluid-phase endocytosis, the accumulation of Lucifer Yellow (LY) CH was assessed (Sigma). WT and vps901Á cells were incubated in YES containing LY for 1 h at 30 C. The cells were viewed under a Nomarski microscope using fluorescence optics. Vacuolar accumulation of LY was observed in the WT cells (Fig. 5B) . In contrast, the vps901Á cells showed only weak accumulation of LY (Fig. 5B) . This suggests that Vps901p is essential for fluid-phase endocytosis in S. pombe.
Intracellular trafficking of amino acid permease Aat1p was also examined in the vps901Á mutants. We have reported that when expressed in S. pombe grown in nitrogen-rich medium, Aat1-GFP exhibited punctate fluorescence, indicating it was localized to the Golgi apparatus. 33) When cells were shifted to nitrogen-free medium, Aat1-GFP was transported from the Golgi apparatus to the plasma membrane within 30 min. Then it was sorted to the vacuoles where it was degraded. 33) We found that Aat1-GFP was not properly transported to the vacuoles in vps901Á cells (Fig. 5C ), indicating that Vps901p is required for membrane trafficking of Aat1p from the plasma membrane to the vacuole.
Next we observed the localization of GFP-Syb1 in vps901Á cells to determine whether Vps901p is involved in endosome-to-Golgi transport. Syb1p is a homolog of synaptobrevin and S. cerevisiae Snc1p and Snc2p, which is localized mainly to the plasma membrane and is thought to cycle between the cell surface and the endocytic pathway. 34, 35) The staining patterns of vps901Á cells could not be distinguished from those of WT cells (Fig. 5D ). This suggests that the Vps901p is not required for endosome-to-Golgi transport.
Budding yeast Vps9p corrected the vacuolar transport defect in vps901Á cells
To test whether the S. cerevisiae VPS9 gene can correct the vacuolar transport defect in S. pombe vps901Á cells, it was subcloned into fission yeast vector pREP41 under the control of a thiamine repressible nmt promoter and expressed in vps901Á cells. The S. cerevisiae VPS9 gene was incapable of correcting the CPY sorting defect in vps901Á cells in the presence of thiamine (Fig. 6) . In contrast, the VPS9 gene corrected the CPY sorting defect in vps901Á cells when it was induced (in the absence of thiamine). The VPS9 gene also corrected the vacuolar morphology defect in vps901Á cells (data not shown). This suggests that the VPS9 gene in budding yeast and the vps901 þ gene in fission yeast play similar roles in vacuolar protein transport.
Conserved Asp residue of VPS9 domain proved essential to Vps901p functioning
The structure of the VPS9 domain of Rabex-5 has been resolved. 24) Conserved surface amino acids, including certain Asp and Pro residues, are critical to GEF activity. We found that these amino acids were also conserved in the VPS9 domain of Vps901p (Fig. 1B) . To determine whether the VPS9 domain of Vps901p is essential for vacuolar protein transport in S. pombe, we constructed mutant protein Vps901 D296A and transfected it into vps901Á cells. We employed a CPY colony blot assay to confirm that this mutant protein corrected the CPY sorting defect. When WT Vps901p was expressed in vps901Á cells, SpCPY was not secreted to the cell surface. In contrast, the defect of CPY secretion was not completely corrected in the vps901Á cells expressing VPS901p D296A , suggesting that the VPS9 domain of Vps901 is required for vacuolar protein transport in S. pombe (Fig. 6B) . In S. cerevisiae, Vps9
D251A , which exhibited no GEF activity in vitro, also showed modest mis-sorting phenotypes. 36) VPS9 CUE domain was not required for CPY sorting Both ScVps9p and SpVps901p contain a sequence motif called the CUE domain (Fig. 1A) . In S. cerevisiae, Vps9p binds to ubiquitin, and the CUE domain is necessary and sufficient for this interaction.
15) The interaction with ubiquitin is required to potentiate Vps9p functioning in the endocytic pathway, but the Vps9 CUE domain is not required for CPY sorting in S. cerevisiae cells. 15) To examine whether the CUE domain of Vps901p is essential for vacuolar protein transport in S. pombe, wild-type Vps9p and a truncated allele that eliminated the CUE domain (Vps9 -CUE ) were expressed in vps901Á cells. When wild-type Vps901p was expressed in vps901Á cells, SpCPY was not secreted to the cell surface by CPY colony blot assay (Fig. 7) . Furthermore, SpCPY was not secreted in the CUE mutant strains (Fig. 7) . This indicates that the CUE domain of Vps901p is not required for biosynthetic transport of SpCPY to the vacuoles in S. pombe.
Discussion
We found that a VPS9-like gene in fission yeast, vps901 þ , is required for vacuolar protein transport, vacuolar homotypic fusion, and endocytosis. On the other hand, vps902Á cells showed no obvious SpCPY sorting defect. Because deletion of the vps902 þ gene did not result in significant phenotypic changes, the function of Vps902p remains unclear.
During the course of this study, we noticed that a DNA sequence downstream of the putative C-terminal stop codon of vps901 þ showed high similarity to the CUE domain of S. cerevisiae Vps9p. Hence we therefore analyzed the DNA sequence of the vps901 þ ORF, and found that Vps901p contains a CUE domain in its C-terminus region (Fig. 1) . Ubiquitin is known to play important roles in the endocytic pathway, serving roles both as a signal for receptor internalization and as a tag for sorting into multivesicular bodies in budding yeast. 37, 38) The CUE domain in the C-terminus of S. cerevisiae Vps9p is necessary and sufficient for the binding of Vps9p to ubiquitin. In addition, it positively regulates Vps9p function in the endocytic pathway. 14, 15) To determine the localization of Vps901p, we constructed fusion protein Vps901-GFP. Soon after dye uptake, FM4-64 is endocytosed normally but accumulates in an endosomal compartment rather than in the vacuole in S. pombe cells. 35) Vps901-GFP fluorescence was largely co-localized with Golgi/endosome marker FM4-64, suggesting that Vps901p is localized mainly to the Golgi/endosomes (data not shown). The CUE domain might serve to localize Vps901p to an endocytic compartment containing ubiquitylated transporters or receptors. We constructed a truncated allele that eliminated the CUE domain (Vps901 -CUE )-GFP. The localization of Vps901 -CUE -GFP is similar to that of Vps901-GFP (data not shown), suggesting that the CUE domain of Vps901p not required for endosomal localization in S. pombe.
Furthermore, we found that Vps901p is required for S. pombe CPS transport. S. pombe CPS is transported to the vacuole lumen via an MVB sorting pathway. 29) In the vps901Á cells, Ub-GFP-SpCPS was mislocalized to dot structures and the cytosol (Fig. 3A) . This suggests that Vps901p is required for fusion of the Ub-GFPSpCPS-containing vesicles with endosomes, rather than MVB sorting.
We investigated S. pombe Pep12p localization in the vps901Á cells. Recently, we found that the fission yeast SNARE protein Pep12p is essential for vacuolar homotypic fusion. 39) GFP-Pep12 expressing WT and vps901Á cells were grown in liquid medium, and GFP fluorescence was observed. In the WT cells, GFP-Pep12 fluorescence was observed in the vacuolar membranes vps901Á cells carrying pTN197, pTN197-Vps901, or pTN197-Vps901 -CUE were grown on MM-Leu plates in contact with nitrocellulose filters for 3-d at 30 C. Wild-type cells carrying pTN197 were used as negative control. and endosomes. 39) In contrast, GFP-Pep12 fluorescence was partially mislocalized to dot structures in the vps901Á cells (data not shown). This suggests that the vacuolar fusion defect in vps901Á cells is caused by mislocalization of Pep12p/SNARE, which is required for the vacuole fusion process.
Expression of S. cerevisiae Vps9p corrected the SpCPY sorting defect in vps901Á cells (Fig. 6A) . In contrast, Vps901p
D296A did not correct the defect in the transport of CPY to the vacuoles in vps901Á cells (Fig. 6B) . This indicates that Vps901p is an ortholog of S. cerevisiae Vps9p, and that the VPS9 domain is important for Vps901p functioning. When a truncated vps9 allele lacking the CUE domain was expressed in S. cerevisiae vps9 strains, CPY maturation was not affected. 15) This indicates that the Vps9 CUE domain is not required for the biosynthetic transport of CPY to the vacuoles. The budding yeast CUE domain of Vps9 is required for efficient endocytosis of Ste3p. 15) In this study, we found that the CUE domain of Vps901p is not required for the biosynthetic transport of SpCPY to the vacuoles in S. pombe (Fig. 7) , and that Aat1-GFP was not properly transported to the vacuole in vps901Á cells (Fig. 5C) . Recently, we reported that Aat1p was ubiquitinated and that ubiquitination is an important determinant of the localization and regulation of the Aat1p in S. pombe. 40) Thus the CUE domain of Vps901p may bind ubiquitinated Aat1p for efficient endocytosis from the plasma membrane to the vacuole. Studies undertaken to confirm this hypothesis should provide a deeper understanding of the role of the CUE domain in fission yeast.
In this study, we found that one of the VPS9 homolog genes, vps901 þ is required for vacuolar functioning in S. pombe cells. The budding yeast Vps9 had GEF activity for Rab-like GTPase Vps21p. Vps21p is required not only for endocytic transport, 41) but also for the delivery of biosynthetic cargo from the Golgi to the endosomes. [42] [43] [44] In S. pombe, ypt5 þ , a gene encoding a homolog of mammalian rab5, is essential for viability on minimal media. 27) We are currently testing whether Vps901p has GEF activity for Ypt5p in S. pombe cells. Future analysis is likely to provide insight into the molecular details of the vacuolar protein transport pathway as well as ubiquitin-dependent protein trafficking in S. pombe cells.
